Among tick-borne diseases, Ehrlichia canis and Babesia piroplasm cause important diseases in dogs where the distributions of the pathogen, vector and host overlap. The primary aim of the present study was to detect the prevalence of Babesia spp. and E. canis using PCR and reverse line blot (RLB) hybridization assay in a total of 379 samples comprising stray and owned dogs and to compare the diagnostic sensitivity of the two tests. Overall, 41.4% of dogs were infected with B. vogeli and/or E. canis as single (35.4%) and mixed (6.1%) infections. The majority of Babesia positive dogs (74.1%) were coinfected with E. canis. PCR detected a higher (P= 0.000) number of positivity in some provinces compared to RLB. To the best of our knowledge, these fi ndings provide the fi rst molecular evidence for the existence of B. vogeli in the Aegean Region, Turkey. The present study pinpoints the distribution and prevalence of E. canis and B. vogeli in the Aegean region of Turkey as of 2004 and as such establishes a baseline. This is of pivotal importance for future studies aimed to demonstrate changes in the dynamics of E. canis and B. vogeli infections in the region.
INTRODUCTION
Ehrlichiosis and babesiosis are tick-borne diseases, caused by Ehrlichia and Babesia species, respectively, with a worldwide occurrence. These species are transmitted during blood feeding by infected ticks and the diseases threaten animal welfare and some also represent a concern to human public health and are considered as important tick-borne diseases in tropical and subtropical areas [1] .
Ehrlichiae species are obligate intracellular organisms infecting the leukocytes of many vertebrates [2] . Dogs may be infected by several different Ehrlichia or Anaplasma species and among them, E. canis infects monocytes and cause canine monocytic erhlichiosis [3] . E. canis is transmitted through R. sanguineus (sensu lato) in tropical and subtropical regions as is the case for some Babesia spp.. Dogs infected with E. canis develop various clinical signs from asymptomatic to severe [3] . While dogs respond well to treatment during the acute stage of E. canis infection, it may be diffi cult to eliminate, and dogs become chronically infected, serving as reservoirs for the organism. When recrudescence occurs, dogs may become severely infected [4] and prognosis is poor during this stage [5] .
Babesia parasites invade and proliferate in red blood cells (RBC) of their vertebrate hosts including carnivores, ruminants, equines, rodents and humans. Canine Babesia parasites are divided into to two morphologically distinct groups as large (3.0-5.0 μm) and small (1.5-2.5 μm) piroplasms [6] . The fi rst group comprises B. canis, B. vogeli and B. rossi and more recently, an unnamed fourth "large" Babesia sp. (coco) has been identifi ed in immunosuppressed dogs in the United States [7] . The second group, classifi ed as small piroplasms, consists of B. gibsoni [1] , B. conradae [8] , and B. vulpes [9] . As they have different vector specifi city, the distribution of Babesia spp. overlaps with the distribution of transmitting Rhipicephalus, Dermacentor and Haemaphysalis ticks [1, 10] . Babesia spp. also differ in their antigenicity and pathogenicity to dogs [11, 12] and the severity of the disease ranges from subclinical to severe, depending on the species of Babesia, immune status and the age of dogs as well as the presence of co-infections [6, 7] .
Apart from a few human cases caused by Babesia spp. of dogs [13] and E. canis [14] , they do not appear to pose a serious zoonotic risk. It is obvious that detecting dogs serving as carriers of E.canis and Babesia spp. will lead to a more accurate description of the distribution of these species. This is an important prerequisite for the implementation and improvement of control measures to reduce public health concerns related to these species. However, the detection of these parasites is diffi cult due mainly to the reduction in the number of Babesia piroplasms in circulating blood in long term and seasonal fl uctuations in E. canis parasitaemia [15] . Occurrence of concurrent infections together with Babesia spp. and E. canis or with other haemoparasites results in a more complex situation [16] [17] [18] .
A number of studies on canine babesiosis and monocytic erhlichiosis have been performed in Turkey. To date, two large Babesia species, namely B. canis and B. vogeli and one small Babesia species, B. gibsoni have been identifi ed in dogs [16, 17, [19] [20] [21] [22] [23] . Canine monocytic erhlichiosis caused by E. canis was also reported in Turkey [16, 17, 24, 25] .
However, an accurate description of the prevalence and the distribution of Babesia spp. and E. canis in dogs is still lacking. Alterations in the dynamics of the infections throughout the years have been indicated for the Aegean region [26, 27] . Therefore, the aim of the present study was to determine the prevalence of Babesia spp. and E. canis among stray and owned dogs in six different provinces located in the West Aegean Region of Turkey using a standard single PCR and nested PCR, respectively from a retrospective perspective. RLB assay was performed for the differential detection of Babesia parasites at species level. The diagnostic sensitivity of the two tests was also compared.
MATERIALS AND METHOD

Ethical statement
An approval from an institutional Animal Ethics Committee was not required to collect samples from any animal species including dogs as of year 2004, during which all samples were collected for the present study. However, authors declare that the research was conducted according to the principles of the World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects".
Parasite material and sample collection
The present study was conducted within provinces comprising coastal regions located in Aydin, Izmir, Manisa and Mugla cities of the West Aegean region of Turkey. A total of 379 blood samples were collected from stray dogs captured and maintained in municipal shelters (n=327) as well as from owned dogs (n=52) that had been admitted to the Small Animal Clinics in Aydin during 2004. Blood samples were collected in EDTA tubes from randomly selected animals with different age groups in each shelter. DNA was extracted from 200 µl blood samples using the Promega Wizard Genomic DNA extraction kit (Madison, WI, USA) following the manufacturer's instructions. Extracted DNA was resuspended in 100 μl elution buffer and stored at -20°C until analyzed. The control DNA samples of B. vogeli and E. canis were isolated from naturally infected dog in Aydin, Turkey during previous studies. The control B. gibsoni DNA samples were kindly provided by Dr. A. Criado-Fornelio from Spain.
Standard PCR amplifi cation of Babesia spp.
Collected blood samples were subjected to a standard PCR protocol to amplify a 454 bp region of 18S rRNA gene of known large Babesia spp. of dogs [28] using Can172F and Can626R primers set. Details of primer pairs are given in Table 1 . The standard PCR was performed in a fi nal volume of 25 μl consisting of 1× buffer (Promega, Madison, WI, USA), 2 mM MgCl 2 (Promega, Madison, WI, USA), 200 μm of each deoxynucleotide triphosphate (Promega, Madison, WI, USA), 25 pmol of each primer, 1.25 U of hot start polymerase (hot-start Taq polymerase (ThermoFisher Scientifi c, USA) and 2.5 µl template DNA. The reactions were performed in an automated DNA thermal cycler (Perkin-Elmer, Foster City, Calif.) for 40 cycles. Reactions consisted of an initial 5 min denaturation step at 95°C, followed by 35-40 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 90 s. Final extension was performed at 72°C for 10 min, followed by a hold step at 4°C. Amplifi ed DNA was subjected to electrophoresis in a 1.5% agarose gel pre-stained with ethidiumbromide (10 μl/ml) in Tris-acetate-EDTA (TAE) buffer at 100 V and bands were visualized under UV light. 
Reverse Line Blot assay for the detection of Babesia parasites at species level
All samples were further tested using the RLB assay in order to identify the underlying Babesia parasites at species level. The V4 hypervariable region of the 18S and V1 hypervariable region of the 18S rRNA gene of all Theileria and Babesia species were amplifi ed by PCR prior to RLB. PCR was performed under the previously described conditions [29] using primers given in Table 1 . Then, 20 μl of biotin-labeled PCR products were then screened by RLB assay as previously described [30, 31] . Oligonucleotide probes used in RLB assay contained an N-terminal-C 6 amino linker (Isogen, Germany). Sequences of and oligonucleotides are listed in Table 2 . 
Nested PCR amplifi cation of E. canis
A nested PCR approach was used to screen for the presence of E. canis in all 379 samples. Details of primers used during the fi rst and second rounds of the nested PCR are given in Table 1 . Primers ECC and ECB were used to amplify a 478 bp region of 18S rRNA of all Ehrlichia spp. [32] in the fi rst round of nested PCR. First round PCR reactions were performed in a fi nal volume of 25 μl containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 250 μM of each deoxynucleotide triphosphate, hot start polymerase (hot-start Taq polymerase (ThermoFisher Scientifi c, USA), 10 μM of forward and reverse outer primers ( Table  1 ) and 2 μl of template DNA. The amplifi ed PCR products of each sample obtained in the fi rst round of PCR were diluted (1:5) with sterilized deionized water. For the second round of nested PCR, forward Ecan5 and reverse HE3 primer set was used to amplify a 389 bp region of 18S rRNA of E. canis [4, 33] . Second round PCR was performed under the conditions described above using 1 µl of diluted fi rst round PCR product as a template.
Sequence analyses
In order to confi rm the specifi city of the PCR products, amplicons generated using Babesia spp. and E. canis specifi c primers were sequenced. Sequencing was performed through a commercial sequencing service (Iontek, Turkey).
Statistical analyses
The rate of positivity obtained by PCR and RLB assays among different provinces, different age groups and between stray and owned dogs were compared by the Chisquare test (SPSS 15.00 software program). P-values <0.05 were considered to be signifi cant. Agreement between PCR and RLB assay assessing the presence of Babesia spp. was calculated using the kappa (κ) measure of agreement test; κ < 0 indicates no agreement, while a κ-value between 0.81 and 0.99 indicates almost perfect agreement. A κ-value between 0.41 and 0.60 indicates a moderate level of agreement [34, 35] . Table 3 . The most abundant species was E. canis with a prevalence of 39.3% (149/379). E. canis was detected in all provinces with a signifi cant difference in the prevalence among provinces (P = 0.000). The highest infection rate was found in Bodrum (84.3%), while the lowest was in Aydin (25%). The standard PCR detected a total of 31 infections with Babesia spp. both as a single (2.1%) and mixed infection (6.1%) in all provinces, except Marmaris. The prevalence of Babesia spp. infections among provinces was also statistically signifi cant (P = 0.000). The highest prevalence was found in Bodrum (19.6%) followed by Selcuk (18.5%) and Kusadasi (7.8%). The lowest prevalence was in central Aydin (2.7%) ( In Marmaris, two dogs determined to be negative with PCR were infected with B. vogeli by the RLB assay. Besides, a total of nine PCR positive samples were demonstrated to be negative with the RLB hybridization assay. The majority of PCR-positive, yet RLB-negative samples produced very weak bands on the agarose gel. The kappa values between PCR and RLB tests for B. vogeli was higher than a moderate agreement (κ-value >0.60) indicating nearly a perfect level of agreement (κ = 0.74) between the two assays (Table 4) . 
RESULTS
Sequence analysis
The specifi city of the single and nested PCRs was confi rmed by sequencing PCR amplicons generated using Babesia spp. and E. canis specifi c primer pairs. When compared with the reference sequences in the NCBI database, the 454 bp Babesia spp. product showed 99% identity with 18S rRNA genes of B. vogeli (Okinawa strain) [GenBank accession numbers: MH100716-22] isolate as well as with other clones in the database. Additionally, the 389 bp PCR product of E. canis showed 96.8% identity with 16S rRNA genes of E. canis isolates [GenBank accession numbers: KJ995838, KY434112, KX165358] in the database (data not shown).
DISCUSSION
Among tick-borne pathogens in dogs, canine babesiosis and canine monocytic ehrlichiosis caused by E. canis and Babesia spp. are globally distributed and well-known diseases in tropical and subtropical regions [6, 11] . However, studies aimed to determine the prevalence and the distribution of E. canis and B. vogeli among dogs in Turkey are few in number and infections caused by these parasites are rather neglected.
Ehrlichia canis is a pathogenic rickettsial organism causing canine monocytic erhlichiosis in dogs [3, 36] with a world-wide distribution in tropical and subtropical regions [37] . Diagnosis of the disease caused by E. canis, could be challenging due to the variable spectrum of the disease and seasonal fl uctuations in the parasitaemia [15, 36] . Conventionally, microscopy has been used to detect the organism in Giemsa stained peripheral blood mononuclear cells. However, this methodology is diffi cult and time consuming. Furthermore, the success rate is as low as four percent during the acute phase, which drops to even lower levels during the chronic phase of the disease [37] In the present study, a more sensitive nested PCR approach was used to reveal the presence of E. canis in carrier animals [16, 17, 24, 25] and ticks [38] from different regions in Turkey with a prevalence rate ranging from 4.9 -27.5%. The present study demonstrates that among the species examined E. canis was the most abundant species (39.3%) in all provinces with a signifi cant difference in the prevalence (P = 0.000).
Babesia spp. such as B. vogeli [19, 21, 22] , B. canis [16, 17, 20] , B. gibsoni [22] , B. vulpes [39] and B. rossi [39, 40] were recently reported either in dogs, ticks or wild animals in different parts of Turkey. The present study demonstrated that B. vogeli was the only Babesia spp. detected among dogs sampled in the Aegean region of Turkey in 2004. To the best of our knowledge, this study provides the fi rst molecular evidence for the existence of B. vogeli in the Aegean region of Turkey. The absence of other Babesia spp. in dogs examined in the present study could be either due to the lack of transmitting vector ticks of the related parasite within the sampling sites, differences in the breeding purposes (like fi ghting or shepherd etc.) of sampled animals and/ or the lack of maintenance of some wildlife Babesia spp. in domesticated dogs at the time of sampling. The prevalence of B. vogeli among different geographical regions was reported to range from 0.4 to 3.8% [19, 21, 41] . The overall prevalence of B. vogeli detected in the present study (8.7%) was higher than those recently reported for other parts of Turkey Altered infection dynamics of due to the global warming, shifting use of the landscape, the increase in the number of wild animals, and spreading of transmitting vectors by wild birds and wild animals could be responsible for different prevalences observed in different regions as demonstrated to be the case for canine babesiosis in Europe [26, 27] . Differences in the characteristics of study populations and/or the methodology used could be another contributing factor for varying prevalences observed among different regions. It should also be noted that the structure and management of the shelters, as well as the presence of a relatively high number of dogs present in a shelter affects the number of positive dogs. In fact, if the disease control measures are not well maintained, dog shelters could turn into places where the vector ticks can easily reach dogs, resulting in similar parasitic loads for each dog [42] . Our fi ndings demonstrating the presence of only B. vogeli among other Babesia spp. could be due to the fact that R. sanguineus (s.l.), the transmitting vector ticks of B. vogeli, is the most widespread tick species of dogs in the Aegean region [43] .
Signifi cant differences observed in the prevalence rates of E. canis and B. vogeli among sheltered and owned dogs as well as differences in the overall prevalence of E. canis (P = 0.000) in some sampling sites could be attributed, at least in part, to the high capacity of this tick species to survive and hibernate indoors [11, 44] at the time of sampling. In contrast to previous reports [16] , the present study demonstrated that none of the samples was infected with Theileria annulata and B. bovis, indicating the absence of any possible cross species infections between cattle and stray dogs.
The existence of mixed infections together with E. canis and other Anaplasma spp. were reported in Turkey [16, 17] in the past few years. The present study revealed concurrent occurrence of B. vogeli and E. canis in dogs with a prevalence rate of 6.7%. Mixed infections detected in the present study were very common among dogs (74.2%) that were positive for Babesia spp. (Table 3 ). The infl uence of concurrent infections in the course of prognosis of infected animals was indicated previously [18, 36] . However, in the present study, any possible effects of simultaneous infections on the clinical profi le of each co-infected dog were not investigated.
In the present study, the effi cacy of RLB assay and PCR was compared in terms of their sensitivity in detecting Babesia spp. of dogs. Results demonstrated that PCR was more sensitive than the RLB assay. This is in agreement to previous observations [29, 45] . It is well established that the sensitivity and specifi city of any PCR assay is affected by so many factors, like primers and other ingredients used during the amplifi cation phase of target DNA [46] . Therefore, different sensitivities detected in the present study between PCR and RLB assays could be due to any of these factors. However, the relatively high kappa agreement (κ = 0.74) between the two tests suggests that RLB assay should still be considered a reliable assay in diagnosing Babesia spp. especially in possible cases of mixed infections [21, 29] .
The prevalence of single and mixed infections with E. canis and B. vogeli observed in the present study was signifi cantly higher compared to mixed infection rates reported in recent years [16, 17] . Further studies should be performed to determine possible causes of altered dynamics of infections. In conclusion, the present study pinpoints the distribution and prevalence of E. canis and B. vogeli in the Aegean region of Turkey as of 2004 and as such establishes a baseline. This is of pivotal importance for future studies aimed to demonstrate changes in the dynamics of E. canis and B. vogeli infections in the region.
